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Abstract
·AIM:Toevaluatewhetherglaucomatousvisualfield
defectparticularlythepatternstandarddeviation(PSD)of
Humphreyvisualfieldcouldbeassociatedwithvisual
evokedpotential (VEP)parametersofpatientshaving
primaryopenangleglaucoma(POAG).
·METHODS:VisualfieldbyHumphreyperimetryand
simultaneous recordings of pattern reversal visual
evokedpotential(PRVEP)wereassessedin100patients
with POAG. The stimulus configuration for VEP
recordingsconsistedofthetransientpatternreversal
methodinwhichablackandwhitecheckerboardpattern
wasgenerated(fullfield)anddisplayedonVEPmonitor
(colour14")byanelectronicpatternregeneratorinbuilt
inanevokedpotentialrecorder(RMSEMGEPMARKII).
·RESULTS:Theresultsofourstudyindicatethatthere
isahighlysignificant ( <0.001)negativecorrelationof
P100amplitudeandastatisticallysignificant ( <0.05)
positivecorrelationofN70latency,P100latencyand
N155latencywiththePSDofHumphreyvisualfieldin
thesubjectsofPOAGinvariousagegroupsasevaluated
byStudent's -test.
· CONCLUSION:ProlongationofVEPlatencieswere
mirroredbyacorrespondingincreaseofPSDvalues.
Conversely,asPSDincreasesthemagnitudeofVEP
excursionswerefoundtobediminished.
·KEYWORDS: patternreversal;patternstandarddeviation;
visualfield;P100latency
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INTRODUCTION
V
isualevokedresponsetestinghasbeenoneofthemost
excitingclinicaltoolsinglaucomaresearchinrecent
years.Transientpatternreversalvisualevokedpotential
(PRVEP)generatedinthecorticalandsub-corticalvisual
areaswhentheretinaisstimulatedwithpatternlightisavery
important, non-invasive,low-costmethodandhighly
objectivetoolindetectingabnormalitiesofvisualsystem.
Primaryopenangleglaucoma(POAG),oneofthemost
prevalenttypes ofglaucomainIndia,isadisorder
characterisedbyopeniridocornealanglesandprogressive
opticdiskcuppingwithresultantirreversiblelossofvision.
Eversincevisuallyevokedcorticalpotentialswerefirstused
asadiagnosticaid,theimportantquestionhasbeenwhether
theycouldpredicttheseverityofvisualfielddefects.Since
PRVEPisknowntobesensitivetoglaucomatousneuropathy
soitwasthoughtpertinenttoderiveassociation,ifany,
betweenindexoffocalglaucomatousvisualfielddamage
namelypatternstandarddeviation(PSD)andPRVEP
parametersinthePOAGpopulationinthispartofthe
country.Thisperimetricalparameterisconsideredamore
accurateindexoflocalizeddefectsinthevisualfieldand
visualevokedpotentialisthemassbioelectricalresponseof
thevisualcortexthereforelocalizeddamageofselectively
vulnerableopticnervefiberscanprobablybedetectedby
visualcorticalelectrophysiologicalresponses
[1].
Thereforethepurposeofthepresentstudywastoinvestigate
theVEPresponsesintheselectedprimaryopenangle
glaucomatouspatientsandtocorrelatethemwithpattern
standarddeviationoftheirHumphreyvisualfield.
SUBJECTSANDMETHODS
Subjects ThestudywasconductedintheNeurophysiology
unitoftheDepartmentofPhysiologyinamedicalcollegeof
CentralIndia.Thestudyincluded100patientsdiagnosedas
havingPOAGbytheophthalmologistattheGlaucomaClinic
PRVEPandPSDinPOAG
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oftheDepartmentofOphthalmologyand200healthy
volunteersandnormalsubjectscomprisedtheagematched
controlsafterproperscreeningaspertheinclusionand
exclusioncriteria.Botheyesofsubjectswereincludedinthe
study.Thus,PatternReversalVEPrecordingsfrom600eyes
intotalwereobtainedforthepresentstudy.Thisstudywas
undertakenafterpriorapprovalbytheInstitutionalEthics
Committee.Thesubjectswereselectedbyrandomsampling
method.
Detailedsystemicand thorough ophthalmological
examinationwascarriedoutforallthesubjects.Informed
consentwasobtainedpriortostudycommencement.Subjects
wereinterviewedandthedetailsregardinghabitsoftobacco,
alcohol,smoking,occupation,medicalhistoryofsystemic
illnesslikehypertension,diabetes,tuberculosis,thyroid
disordersandfamilyhistoryofglaucomawereenteredina
standardizedproforma.Glaucomapatientswereeitherwith
orwithouttreatment wererecentlydiagnosedoralready
knowncasesontreatment.Ifthesubjectwasalreadya
knowncaseofglaucomathentypeoftreatmentandwhether
glaucomawasundercontrolornotwasalsonoted.Since
primaryopenangleglaucomacharacteristicallyisabilateral
andalmostsymmetricaldisease,noneofourcaseshad
unilateralinvolvement.
InclusionCriteriaforDiagnosingPrimaryOpenAngle
GlaucomaPatients Openangleofnormalappearanceat
gonioscopy,intraocularpressure(IOP)morethan21mmHg,
characteristicglaucomatousopticnerveheadchanges,typical
glaucomatousvisualfielddefects,age>40yand(79y,
best-correctedvisualacuity(BCVA)-6/6orbetter,IOP<21
mm Hgforpatients underpharmacological(medical)
treatment
ExclusionCriteriaforPrimaryOpenAngleGlaucoma
Patients Patientswithvisualacuity(BCVA)<6/6,ptosis,
strabismus, amblyopia,cornealorlenticularopacities,
retinitispigmentosa,multiplesclerosis(MS),albinism,
diabetesmellitus,hereditarydisorders,diseasesinvolving
macula,retinaorvisualpathway,opticneuritis,historyof
relevantneurologicalorheartdiseaseorofdrugabuse,past
historyofseriousvisualproblems,recenteyemedications
(mydriaticsorcycloplegicsinthepast12h),mioticpupil,
highmyopia,hypermetropiaorastigmatism>3diopters,
Parkinson'sdisease,previousintraocularsurgeryexceptfor
uncomplicatedcataractextraction,secondaryorangleclosure
glaucomaandanyuncooperativesubjectorasubjectwith
incompletescreeningandexaminationwasexcludedfromthe
study.
Ophthalmic Examination A singleophthalmologist
conductedacompleteophthalmicexaminationofeach
subjectwhichincludedvisualacuity,anteriorsegment
examination,posteriorsegmentexamination(fundoscopy),
intra-ocularpressureandautomatedperimetry.Allthe
subjects'visualfieldswereassessedbythestaticperimeter
HumphreyvisualfieldanalyzerII;usingSwedishInteractive
ThresholdingAlgorithm(SITA)Standardprotocolwith
stimulussizeIII,whiteobject,(30-2centralwithfovea-on).
Reliabilityindicesforvisualfieldassessmentwere-A)afalse
positiveerrorlessthan33%;B)afalse-negativeerrorless
than33%;C)afixationlosslessthan20%.
ThemainindicesoftheHumphreyperimetryaremean
deviation(MD)andpatternstandarddeviation(PSD).MD
representsanindexofseverityofglobaldamage.Itisa
measureofoverallfieldloss.Asdefinedbythe
Hoddap-Parrish-Anderson'scriteria,aMDintherangeof
0to<-6dBisconsideredtobemildglaucomatousdefect,the
oneintherangeof-6to-12dBismoderateand>-12dBis
severeglaucomatousdefect.Table1representsthenumberof
POAGeyesineachagegrouppossessingthevalueofMD
(asfoundintheautomatedperimetry)fallingineachofthe
threegradesofglaucomatousdefects.
AnothersignificantindexoftheHumphreyperimetryisthe
PSD.Itisameasureoffocalloss.Itindicatesthe
homogeneityofdefectdistributioninthevisualfieldand
thereforegivesinformationaboutlocalizeddamage
[2].
Aspertheminimalcriteriaforglaucomatousdamagethe
visualfielddefectsinautomatedperimetrywereconsidered
significantwhen1)aclusterofthreeormorecontiguous,
non-edgepointsonthepatterndeviationplotwithin
Bjerrum'sareahaveaprobabilityof<5%ofbeingseenina
normalpopulation,oneofwhichshouldhaveaprobabilityof
<1%or2)PSDshouldhaveaprobabilityof<5%,confirmed
ontwoconsecutiveoccasions;3)Glaucomahemifieldtestis
abnormaloroutsidenormallimits.
Methodology for Visual Evoked Potential VEP
recordingsweredoneinaccordancetothestandardized
methodologyof InternationalFederationofClinical
Neurophysiology(IFCN)CommitteeRecommendationsand
InternationalSocietyforClinicalElectrophysiologyofVision
(ISCEV)Guidelinesandmontageswerekeptasper10-20
InternationalSystemofEEGElectrodeplacements
[3,4].Each
subjectwasbriefedpreviouslyabouttheprocedureandwas
seatedcomfortablyatadistanceof1meterawayfromthe
screenoftheVEPmonitor.
Stimulusconfiguration 1)Itconsistedofthetransient
patternreversalmethodinwhichablackandwhite8 ×8
checkerboardpatternwasgenerated(fullfield)and
displayedonaVEPmonitor(colour14")byanelectronic
patternregeneratorinbuiltinanEvokedPotentialRecorder
(RMSEMGEPMARKII);2)Afixationpoint(redsquare)
waspositionedatacorneroffourcheckswhichwerelocated
atthecenterofthefield;3)Therateofpatternreversalwas
1Hz;4)Therecordingsensitivitywaskeptat2滋 V.The
electrodeimpedancewaskeptbelow5K萃;5)Theanalysis
time(sweepduration)wasmaintainedat300ms;6)
327Responsesto200epochswereamplifiedandaveragedfor
eacheyeandtwotrialsforeacheyewereobtained;7)The
patternstimulusluminancewas59cd/sqm;7)Thecontrast
betweenblackandwhitesquareswaskeptas80%;8)The
signalsrecordedwerefilteredbylowcutandhighcut
frequencyfilterthroughabandspreadof2-100Hz.
Visual Evoked Potential Waveform ThePRVEP
waveformconsistedoftheinitialnegativepeak(N70)
followedbyalargepositivepeak(P100)andfollowedby
anothernegativepeak(N155).Theanalysisofallthethree
wavesnamelyN70-P100-N155hasbeenattemptedinthe
presentstudy.Besides,theP100duration(interpeaklatency)
isalsoincludedintheanalysis.
Statistical Analysis The correlationofallthe
electrophysiologicalparameterswithPSDofHumphrey
visualfieldwas evaluatedbyPearson'scorrelation
co-efficient( )anditsstatisticalsignificancewasevaluated.
value<0.05wasconsideredtobestatisticallysignificant
and <0.001wasconsideredhighlysignificant.
RESULTS
CharacteristicsoftheCohortofSubjects POAGpatient
groupincluded54malesand46femalesandthecontrol
groupcomprisedof124malesand76femalesrecruitedfrom
thepopulationintheagerangeof40-79y.
ThemeanageofPOAGpatientswas57.94依11.14yandthe
meanageofcontrolswas56.08 依10.87y.Therewasno
statisticallysignificantdifferencebetweenthemeanagesof
boththegroups.The valueforthepaireddifference
betweentheglaucomaandcontrolgroupswasfoundtobe
0.63( >0.05).Hencethecontrolsandtheglaucomasubjects
werestatisticallyagematched.
Therewasahighlysignificantdifference( <0.001)inthe
meanPSDandthemeanIOPofPOAGpatientsascompared
tothatofcontrolsubjects.
ThedatacompiledinTable1depictsthatmaximum
proportionofthePOAGpopulation118(59%)outof200
eyeshadmildglaucomatousdefect.Moderateglaucomatous
defectwasfoundin47(23.5%)eyesandsevereglaucomatous
defectwasobservedin35(17.5%)eyes.
Table2depictsthecorrelationofmean依SDvaluesofPSDof
200POAGeyeswithmeanVEPparametersintheglaucoma
group.Thedataillustratesahighlysignificantnegative
correlationofP100amplitudeandastatisticallysignificant
positivecorrelationofN70latency,P100latencyandN155
latencywiththePSD.
Table3illustratesthestatisticalanalysisofmean依SDvalues
ofPSDof400controleyesandtheirmeanVEPparameters
showingthatnosignificantcorrelationwasfoundbetween
PSDandVEPlatencies,aswellastheamplitudeand
durationofP100.
DISCUSSION
Thefollow-upobservationofpatientswithchronicopen
angleglaucomainclinicalpracticehassofarbeenbasedon
mainlyontonometry,opticdiscanalysis,andperimetry.Itis
wellestablishedthatdamagetotheganglioncellsand/ortheir
axonsproducethecharacteristicvisualfielddefectsof
glaucoma.Inthisregard,anelectrophysiologicalmethodlike
the VEP couldbeausefultoolfor monitoringof
glaucomatousopticneuropathyandformeasurementof
visualfielddamageinperimetricglaucoma.
TheassessmentofvisualfielddefectswithVEPisahard
task.EarlierworkershavebeeninterestedincorrelatingVEP
findingswithperimetricdefects.Asthe VEP,which
primarilyreflectsthemacularfunction,getsalteredonly
whenthecentralvisualfieldwasdisturbed,itwasconsidered
notveryusefulindetectingearlyglaucomabyErmers
[5].
Muller
[6,7] andCappinandNissim
[8] havetriedto
demonstratefielddefectswithVEPusinglocalizedretinal
stimulation.TheyalsoconductedVEPrecordingswith
patientfixatingcenterofthe22(screen(fullfield),the
central8(onlyandalsothecenterofthescreenwhenthe
central8(wasoccluded(peripheral).Thesetestsdidnot
showsignificantphasechangesexceptinfourcaseswith
largefielddefects.Theamplitudeoftheresponsefromthe
eyeswithmoderateandseveredefectswasmarkedlyreduced
bycomparisonwiththatofthenormaleye.
Table 1  Agewise distribution of POAG eyes as per severity of 
glaucoma                                           n (%) 
Glaucomatous defects 
Age (a) 
Mild  Moderate  Severe 
40-49 (n=54)  38 (70.37)  9 (16.67)  7 (12.96) 
50-59 (n=60)  39 (65)  12 (20)  9 (15) 
60-69 (n=40)  20 (50)  10 (25)  10 (25) 
70-79 (n=46)  21(45.65)  16 (34.78)  9 (19.57) 
Total (n=200)  118 (59)  47 (23.5)  35 (17.5) 
 
Table 2  Correlation of PSD with VEP parameters of POAG eyes 
Parameters  x±SD  ( n =200)  r  P 
PSD  5.21±3.69     
N70 latency (ms)  68.42±8.60  0.206  0.003 
P100 latency (ms)  101.18±8.06  0.187  0.008 
N155 latency (ms)  141.48±11.99  0.145  0.040 
P100 amplitude (µV)  4.84±2.95  -0.357  0.000 
P100 duration (ms)  73.06±13.16  -0.002  0.978  
 
Table 3 Correlation of PSD with VEP parameters of control eyes 
Parameters  x±SD  ( n =400)  r  P 
PSD  1.34±0.94     
N70 latency (ms)  66.63±5.6  0.078  0.119 
P100 latency (ms)  96.95±4.24  0.045  0.369   
N155 latency (ms)  135.45±8.32  0.094  0.060   
P100 amplitude (µV)  5.90±2.16  -0.055  0.271   
P100 duration (ms)  67.78±9.48  0.023  0.645   
 
PRVEPandPSDinPOAG
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Inrecentyearsmultifocalvisualevokedpotential(mfVEP)
hasgeneratedconsiderableinterestasamethodforobjective
assessmentofvisualfieldandtheextentofglaucomatous
damage.Ithasbeenshownoverthepastdecadesthatthis
methodmaydetectglaucomatousvisualfielddefectswith
highsensitivityandspecificity,anditcanhavearoleinthe
detectionandmonitoringofglaucomatousprogressionbased
ongoodrepeatabilitybutthistoolthathasyettofinditsplace
withinacceptedclinicalpractice
[9].
Inthepresentstudy,thePOAGpatientsshoweddifferent
degreesofvisualfieldimpairmentdetectedbyanincreasein
PSD.Thecorrelationofmean 依SDvaluesofPSDis
representedinTable1.Overallthedataillustratesahighly
significantnegativecorrelationofP100amplitudeanda
statisticallysignificantpositivecorrelationofN70latency,
P100latencyandN155latencywiththePSD.
Theseobservationsofthepresentstudyareincontrastwith
Parisi
[10] whoassessedvisualfieldbyHumphreyperimeter
(central24-2thresholdtest)andsimultaneouslyrecorded
visualevokedpotential(VEP)in21subjectswithopenangle
glaucoma(POAG)toevaluatewhetherglaucomatousvisual
fielddefectscouldberelatedtoanimpairedretinalfunction,
toadelayed neuralconductioninpost-retinalvisual
pathways,orboth.VEPinPOAGeyesoftheirstudyshowed
no significantcorrelations ( >0.05)between
electrophysiologicalparametersandcorrectedpattern
standarddeviation(CPSD)of24-2Humphreyperimetry.
However,ourresultofcorrelationofP100latencyandPSD
areinaccordwithsignificantcorrelation( =0.434, <0.01)
ofCPSDandVEPP100implicittimeobservedina
subsequentstudybyParisi
[11].OnthecontraryMokbel
andGhanem
[12] observednosignificantcorrelationbetween
PSDandlatencytime,PSDandamplitudeofP100intheir
POAGpatients.
Aspertheminimalcriteriaforglaucomatousdamage,visual
fielddefectsinStandardAutomatedPerimetryareconsidered
significantwhenglaucomahemifieldtest(GHT)isabnormal
oroutsidenormallimits.Thistestcomparesthesensitivityof
fiveclustersofpointsaboveandbelowthehorizontalmidline
whichresemblenervefiberbundlepatterns.Thistypeofloss
commoninglaucomaisusuallyasymmetricalaboutthe
horizontalmeridian.
Theanalysisisdefinedasabnormalifoneormoreofthefive
regionsdemonstrateasymmetryacrossthehorizontalmidline
whichisbeyond1%probabilitylevelfornormalpopulation
values.Itisregardedasborderlineiftheasymmetryiswithin
1%probabilitylevelforallfiveregionsbutbeyond3%
probabilitylevelforoneormoreregions.
EvaluatingtheproportionofeyeshavingGHTvaluesinthe
arbitraryrangeof1-3where1meanswithinnormallimits,2
isoutsidenormallimitsand3standsforborderline,itwas
foundthat49.5%(99outof200)eyeshadGHToutside
normallimits,14.5%(29outof200)hadborderlineGHTs
and36%eyes(72outof200)hadGHTwithinnormallimits.
Inconclusion,sinceanincreasedPSDisamorespecific
indicatorofglaucomatousdamagethereforeourresultof
prolongationoflatenciesmirroredbyacorresponding
increaseofPSDvaluesisapositivefindingofourstudy.
Conversely,asPSDincreases,themagnitudeofVEP
excursions(P100amplitude)werefoundtobediminished
becausewiththeincreaseofglaucomatousdamage,thereis
lossofretinalganglioncellsandacorrespondingdecreasein
proportionofhealthierneurons.Toconclude,thecorrelation
ofPSDwithabnormalVEPresponsesthereforeemphasizes
thatlocalizeddamageofselectivelyvulnerableopticnerve
fiberscouldbesuccessfullymonitoredbyvisualevoked
responsesespeciallyinpatientswithunreliable or
questionableHumphreyvisualfieldsorwhereunavailability
ofequipmentorhighcostparticularlyinalowresourcerural
settingasinthisstudy,precludestheuseofnewerimaging
technology.
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